








































































































































































































global	carbon	emissions.	For	 this	purpose,	 it	 is	necessary	 to	develop	efficient	and	 low	cost	 renewable	 technologies	 to	decrease	 fossil	 fuel	 reliance	and	consequently	carbon	emissions.	Today,	PV	 technologies	 represent	one	of	 the
measures	that	can	increase	the	renewable	energies	share.	They	represent	a	great	potential	to	deliver	around	5%	of	global	electricity	demand	by	2030	and	11%	by	2050	[1].	In	the	last	decade	several	studies	have	been	performed	on	the





































Parameters Nomenclature Value Unit
Mini-channel	port	width a 0.0017 m
Mini-channel	port	height b 0.001 m
Evaporator	length Lhp 1.9 m
Number	of	mini-channel	heat	pipes Nhp 20 –
Number	of	mini-channel	ports Np 10 –
Total	number	of	mini-channel	ports Nch 200 –
Fig.	2	Solar	collector	with	minichannel	heat	pipes,	condensate	liquid	pathway	and	the	PCM	heat	exchanger	(units	in	mm).
alt-text:	Fig.	2
Operating	temperature	range tv 20–60 oC
Evaporator	to	condenser	height	difference Hhp-he 0.6 m
Transportation	line	outer	diameter Dltl,o/Dvtl,o 0.015 m
Transportation	line	inner	diameter Dltl,i/Dvtl,i 0.0174 m
Liquid	head	length Llh 1 m
Liquid	Head	diameter Dlh 0.022 m
Vapour	header	length Lvh 1 m
Hole	diameter dh 0.00075 m
Transportation	line	length Lltl/Lvtl 1/1 m
Heat	exchanger	central	tube	total	length Lhe 5 m
Heat	exchanger	central	tube	diameters D1/D2 0.016/0.017 m
Heat	exchanger	middle	tube	diameters D2/D4 0.019/0.021 m
PCM	tube	diameters D5/D6 0.027/0.029 m
PCM	melting	temperature Tpcm 44 oC
PCM	density ρpcm 800 kg/m3
PCM	Latent	Heat Lh 242 kJ/kg
PCM	thermal	conductivity λpcm 0.18 W/mK


























Where,	 rp-fin,	 rp,	 rEVA	 and	 rei	 are	 respectively	 the	 thermal	 resistances	 per	 unit	 area	 (m2-K/W)	 of	 PV	 cells	 to	 fin	 sheet,	 PV	 cells,	 EVA	 layer	 and	 electrical	 insulation;	 kp,	 kEVA,	 kei,	 δp,	 δEVA,	 and	 δei	 are	 respectively	 the	 thermal

























is	 the	superficial	velocity	of	 the	 liquid	 film.	As	 the	 liquid	 flow	through	the	small	holes	of	 the	microchannel	depends	of	 the	driving	 force	of	 the	 loop,	which	 is	 the	pressure	head,	 it	 is	suitable	 to	correlate	 it	with	 the	superficial
flow.	Then,	the	superficial	velocity	ul	is	linked	to	the	pressure	head	by	the	following	equation	(it	is	simply	expressed	as	a	liquid	flowing	throughout	a	hole	because	of	the	pressure	head):











































































































































































































































Solar	radiation	(W/m2) Electrical	Efficiency	(%) Thermal	efficiency	(%) Overall	efficiency	(%) Reference
800 12.2 55.6 67.8	5	(NC) Present	study
800 7.9 54 61.9	(with	HP	assistance) [30]	(Fig.	12	Qm = 0,03 kg/s)
800 11.3 54 65.3	(with	HP	assistance) [31]
Daily	average 9.13 39.25 48.37	(HP	assistance) [32]
Summer	(value	not	indicated) 5.39 31.58 36.97	(NC) [33]
– 11 51 62	(NC) [34]
Fig.	33	Comparison	between	the	new	PVT	system	and	the	conventional	PVT	system	a)	evolution	of	the	COP	and	b)	the	ratio	of	COP	novel	to	COP	conventional.
alt-text:	Fig.	33
Daily	average 9.87 40 49.87	(NC) [35]
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Annex	1	characteristics	of	different	PVT	layers
Parameters Nomenclature Value Unit
Emissivitiy	of	glazing	cover εc 0.84 [−]
Absorptance	of	glazing	cover Ac 0.05 [−]
Transmittance	of	glazing	cover τc 0.90 [−]
Emissivitiy	of	PV	cell εabs 0.96 [−]
Absorptance	of	PV	cell αabs 0.90 [−]
Annex	2	heat	transfer	from	outside	to	the	PV	surface	[19].
The	solar	energy	received	by	the	PV	module	is	expressed	as	follows:




Thickness	of	PV	Cell δabs 0.0003 m
Thermal	conductivity	of	PV	cell λabs 148 W/m/K
Reference	efficiency	of	PV	Cell ηrc 0.18 [−]
Temperature	coefficient	of	PV	cell βabs 0.0045 1/oC
Reference	temperature	of	PV	cell trc 25 o	C
Number	of	PV	cell Npv 72 [−]
Area	of	single	PV	cell Apv 0.156*0.156 m2
Thickness	of	EVA	grease δeva 0.0005 m
Thermal	conductivity	of	EVA	grease λeva 0.35 W/m/K
Thickness	of	electrical	insulation δei 0.002 m
Thermal	conductivity	of	electrical	insulation λei 144 W/m.K
Absorptance	of	blacken	electrical	insulation Aei 0.8 [−]
Thickness	of	fin	sheet δf 0.005 [−]
Thermal	conductivity	of	fin	sheet λf 203 [−]
(A2.1)
alt-text:	Image	2
Where,	QL	and	UL	are	 the	 total	heat	 loss	 (W)	and	 the	heat	 loss	coefficient	 (W/m2-K)	respectively;	Tp	and	Ta	are	 the	average	 temperatures	of	PV	 layer	and	 the	ambient	air	 (K).	Where	 the	UL	 is	 the	overall	heat	 transfer	coefficient
and	could	be	written:
where,	hc,p-c2,	hc,c2-c1	and	hc,c1-a	are	respectively	the	convective	heat	transfer	coefficients	(W/m2	 -K)	of	PV	 layer	 (p)	 to	 inner	cover	surface	 (c2),	 inner	cover	surface	 (c2)	 to	external	cover	surface	 (c1)	and	external	cover	surface	 (c1)
to	ambient	air	(a);	hR,p-c2,	hR,c2-c1	and	hR,c1-a	are	the	radiative	heat	transfer	coefficients	(W/m2	 -K)	of	PV	layer	(p)	to	 inner	cover	surface	(c2),	 inner	cover	surface	(c2)	to	external	cover	surface	(c1)	and	external	cover	surface	(c1)	to
ambient	air	(a)	respectively.
where,	 ka,p	 is	 thermal	 conductivity	 of	 air	 gap	 at	 the	 average	 temperature	 of	 PV	 layer	 and	 inner	 cover	 surface	 (W/m-k);	 δa,p	 is	 the	 PV	 layer	 to	 glazing	 cover	 distance	 (m);	 θ	 is	 the	 collector	 slop	 (degree);	 the	 bracket	 with	 plus
means	zero	and	positive	values	only;	Raa,p	is	the	Rayleigh	number	of	the	air	gap	at	PV	layer	and	inner	cover	surface,	given	by:
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Highlights
• A	novel	PVT-LHP	system	is	developed	and	modelled.
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